Background: Three-dimensional echocardiography provides a volumetric measurement of global and regional left ventricular (LV) function. It avoids the subjectivity of 2D echocardiography in the assessment of regional wall motion abnormalities (RWMA). Purpose: Evaluate the feasibility and practicality of 3D echocardiography in the evaluation of ischemic patients with abnormal regional LV contractility. Methods: The study included 40 patients with ischemic heart disease and RWMA as well as 30 control subjects. They underwent routine clinical examination and conventional 2D echocardiographic assessment. Segments were categorized as; normal, hypokinetic; akinetic or dyskinetic. Three-dimensional echocardiographic images were acquired and later on analyzed offline. Global LV function was semiautomatically calculated by the machine using volumetric measurements. Regional LV function was calculated manually for the 17 LV segments by detecting the end-diastolic (EDD) and end-systolic (ESD) points on the specific segment volume curve and the regional ejection fraction (EF) was calculated by the following formula {(EDDx-ESDx)/EDDx}, where x represents the specific segment. Regional EF was compared between patients and control subjects. Results: The mean age was 55.0 ± 8.0 and 32.6 ± 8.5 years (P < 0.001) in patients and control groups, respectively. No statistically significant difference in EF between 2D and 3D images (47.3 ± 10.5 vs 48. 0 ± 8.0, p = 0.6). There was a good correlation between the 2D-RWMA and 3D-regional EF, and this correlation was consistent in the whole 17 segments. Conclusion: Three-dimensional echocardiography is an easy, non-invasive and objective tool to detect regional wall motion abnormalities in ischemic patients. It shows comparable results with conventional 2D images with the advantage of quantitative assessment of regional myocardial function.
Introduction
Three-dimensional echocardiography offers important advantages over conventional two-dimensional echocardiography (2DE) for the determination of global and regional LV function. Assessment of LV volumes and ejection fraction can be accomplished independently of geometrical assumptions which are inherently needed for 2D echocardiography. [1] [2] [3] [4] A number of studies have demonstrated that three-dimensional echocardiography (3DE) is more accurate, more reproducible, and more reliable than 2D echocardiography for the quantitation of LV volumes and ejection fraction in LVs with distorted geometry. [5] [6] [7] [8] The recent introduction of real-time 3D data acquisition as well as semiautomatic border detection algorithms, have allowed fast, easy, and a more observer-independent quantitation of LV function, requiring only minimal interaction by the investigator. 9 The aim of this study is to compare between conventional 2DE and 3DE in the detection of RWMA and evaluation of LV regional and global function.
Subjects and methods

Subjects
This study is an Observational prospective study that enrolled 40 patients with coronary artery disease and 30 healthy control subjects. 6. Patients with congenital heart disease. 7. Patients refusing to be enrolled in the study.
Methods
On presentation, all included subjects were subjected to the following:
A consent was taken from recruited subjects. 
Three-dimensional echocardiography
Real-time three-dimensional echocardiography (RT3D) was performed using Philips machine (Epiq-7) equipped with an xMA-TRIX transducer and data were recorded on CD s and analyzed offline using QLAB, version 10.0. 2.2.1.1. Image acquisition. After having a good image quality and a stable ECG recording, RT3DE images were acquired within a single breath-hold, 4 wedge-shaped sub-volumes were acquired from an apical view to create full-volume data sets. Care was taken to include the entire LV within the 3D scan volume by decreasing the depth and sector width as much as possible to improve the temporal and spatial resolution of the images. 13 2.2.1.2. Quantitative analysis by QLAB. Using QLAB version 10.0, 3DQ Advanced software (Philips), a semi-automated border detection biplane LV analysis was performed. For the quantification of LV volumes and function, the longitudinal axes were aligned in the first frame of the loop which corresponds to LV end-diastole, in both the apical four-chamber and two-chamber views. Care was taken in the proper definition of both apical views and orthogonal views to avoid foreshortening. Then, tracing was performed by marking five points: septal, lateral, anterior and inferior on the mitral annulus and the fifth point on the LV apex in either view. [13] [14] [15] A semi-automated blood-endocardial interface detection algorithm then automatically identified the endocardial border and calculated the LV end-diastolic volume (EDV). Unsatisfactory delineation of the endocardial border was manually adjusted. The end-systole was selected by visually identifying the frame with the smallest LV cavity size just before mitral valve opening where tracing was repeated in the same manner as for the end-diastole to obtain the LV end-systolic volume (ESV). The software automatically detects the endocardial borders in three dimensions, throughout the cardiac cycle and calculates LV volumes and EF [13] [14] [15] (Fig. 1 ).
The software automatically draws volume curves for each myocardial segment.
2.2.1.3. Assessment of regional function. Each regional time-volume curve was analyzed separately. EDV and ESV were detected as the highest and lowest points on the volume curve and regional EF was manually calculated as follows: EDVx À ESVx/EDVx (where x represents the particular myocardial region).
Statistical analysis
The statistical analysis was done using SPSS-17 package. Categorical data were presented as frequency and percentages. Continuous data were presented as a mean and standard deviation. Statistical significance was considered when the P value is < 0.05. Independent sample t-test was used to compare continuous 
Table 5
Comparison between 2DE (RWMA, judged by the operator) and 3DE (segmental EF; mean ± SD). variable measurements taken by 2D and 3D echocardiography in patients and control groups. ANOVA test was used to compare RWMA assessment by 2D and regional EF by 3D echocardiography.
Results
The baseline clinical characteristics of the studied subjects are shown in Table 2 . The most prevalent risk factors among our patients were smoking (52.5%) followed equally by HTN and DM (47.5%).
The data obtained by 2DE was compared between patients and control groups, as shown in Table 3 .
Left ventricular volumes and regional EF data taken by RT3DE, are shown in Table 4 .
The distribution of abnormal regional wall motion among different myocardial segments is shown in Fig. 2 . Table 5 shows the regional EF as detected by RT3DE as compared to regional wall motion abnormalities detected by 2DE. Data could not be computed for the apical inferior dyskinetic region, as there was only one segment with dyskinesia. As we could see from the table, regional EF of the hypokinetic areas was comparable to that of the akinetic areas. This means that RT3DE could not differentiate between hypokinesia and akinesia.
Discussion
Real-Time 3-DE has many advantages over visual 2-DE assessment of RWMA. It is quantitative and it provides rapid image acquisition, requires a lower level of operator skills, and avoids LV foreshortening by correct alignment of imaging planes. 16 For each of the LV segments, a time-volume curve is displayed, demonstrating maximum and minimum volumes of that specific segment during the cardiac cycle. Hypo-or non-contractile (akinetic) segments can easily be identified based on the pattern of the curve, while diseased segments have a flattened curve. This approach has been validated using MRI as the standard of Ref. 17 .
This study identified a good agreement between RT3DE and conventional 2DE in the assessment of RWMA of most segments. Cainai et al., 18 reported an agreement with the expert visual interpretation of 2DE associated with 91% sensitivity, 80% specificity, and 84% accuracy. The results of previous studies 19, 20 evaluating images generated from 3D echocardiography have also demonstrated its ability to identify myocardial ischemia correctly with good agreement to black and white 2DE images. The results of this study are also consistent with the ones that were found by Corsi et al. 17 who studied RT3DE images in 30 patients for detection of LV endocardial surface throughout the cardiac cycle, from which global and regional LV volume (LVV)-time and wall motion (WM)-time curves were obtained. They tested the feasibility of automated detection of RWM abnormalities in each segment; abnormality was detected when regional shortening fraction was below a threshold obtained in normal subjects. The automated detection agreed with the expert interpretation of 2D RWMA in 86% of segments. Collins 21 assessed the feasibility of using RT3D echocardiography to detect RWMA in patients with abnormal LV function. A higher percentage of segments were visualized with 2DE versus RT3D echocardiography (97% vs 83%, respectively, P < 0.001). With the use of the 2-dimensional echocardiographic results as the standard, RT3D echocardiography detected 55 (96%) of 57 regional wall motion abnormalities. An excellent correlation was found between the 2 techniques for assessment of the regional wall motion score index (r = 0.89, P < 0.001). This is consistent with our study that demonstrates the feasibility and potential advantages of RT3D echocardiography for the assessment of regional LV function.
Unlike the previously reported non-real-time threedimensional methods, 22 RT3DE provides a comprehensive evaluation of LV wall motion by completing the entire imaging sequence in a single heartbeat. 23, 24 Real-time three-dimensional echocardiography technique is relatively easy to learn and can be mastered quickly by sonographers trained on routine 2DE. The ability to obtain multiple views from a single acquisition makes the technique less demanding. Real-time three-dimensional echocardiography is an evolving technology, which has some limitations in its current form.
Conclusion
This study demonstrates that RT3DE is feasible and offers a number of advantages including rapid acquisition and simultaneous visualization of the same segments in different planes. It offers an entirely new approach to the evaluation of patients with coronary artery disease (CAD) and regional wall motion abnormalities.
Evaluation of regional EF generated from RT3DE full volume dataset may correctly identify abnormal regional motion in patients with CAD and it shows non-inferiority to visual assessment by conventional 2DE. Yet, RT3DE could not differentiate between the hypokinetic and the akinetic areas.
